Inappropriate testing for HPV types on healthy subjects increases costs without benefit and potentially results in overtreatment. HPV testing also has a negative psychosocial impact on women, increasing anxiety, stress, and concerns on sexual relationships. Giving the fact that HPV testing has been shown to have similar sensitivity but more overdiagnosis than cytology, and also giving the fact that false negative results may be higher than previously suspected, primary screening with HPV tests in European countries should be reconsidered. Resources saved in molecular testing may well be addressed in implementing vaccination strategies which are still underused, and may possibly include males as well as women.
Introduction


In primary cervical cancer screening, many countries are being challenged to choose between cytology and HPV test (the latter to be performed alone or in combination with cytology, so called co-testing) [1] . But many health professionals lack sufficient knowledge about the epidemiology of HPV infection, its causal link with cervical cancer, and test management [2] . One of the consequences of this situation is the common request of useless and potentially harmful HPV tests, leading to a huge rise in health care costs and anxiety in the population. Inappropriate testing increases costs without benefit and potentially results in overtreatment of women [3, 4] .
This problem has reached such proportions to induce the major American medical associations to state precise and shared guidelines regarding cervical cancer screening [5, 6] , to address appropriate use of HPV testing. On the opposite side, the Japanese [7] and Canadian [8] guidelines do not recommend screening through testing for HPV.
In any case, the interpretation of a positive HPV result implies the knowledge of the natural history of HPV infection [9, 10] . An HPV positive, cytology negative woman, should repeat both tests after one year interval. Actually, daily clinical experience shows that too often patients tend to undergo immediate colposcopic examination. In this occasion, health care providers have the duty to counsel and inform patients on the frequent regressive nature of an HPV positive state, but at the same time they are telling a woman that:
 She is infected with an oncogenic virus;  It is a "high risk" type;  There are no visible lesions;  There is no cure;  It is sexually transmitted. HPV testing can have important social and psychological effects on women and can potentially damage their wellbeing particularly when used outside an organized prevention program. The magnitude of these effects depends on the characteristics of the woman concerned, her prior knowledge of HPV, the communication content and skills of the health professional [11] . Negative psychosocial responses to HPV diagnosis, include: anxiety; fear; anger; shame or stigma; regret; overestimation of cancer risk; concerns about loss of reproductive functions; concerns about negative reactions from friends, family, or sexual partners; concerns about partner infidelity or hostility; changes in physical intimacy activities; sexual refusal; isolation; urgent need for treatment; depression [12, 13] . Factual uncertainties about HPV can not be resolved through the provision of more information [14] . HPV positivity may also pose a prolonged psychosocial burden on women even after having had the necessary follow-up for their cervical abnormalities [15] . This is particularly important when talking of prevention [16, 17] . Excessive preventive measures may lead to increased fear and perception of illness where none exists, and clinicians' frustration over a growing list of requirements that are impossible to accommodate. Clinicians will initiate multiple preventive, diagnostic, and therapeutic activities, each of which leads to interventions with well documented but poorly recognized ill effects. Eventually they tend to impute disease and risk factors to healthy individuals, and turn people into patients, without any evidence of benefit to them individually [18] .
Studies on young women initiating first sexual activity suggest that nearly 30% of subjects test HPV DNA positive within 1 year of first intercourse with a first male sex partner, and by 3 years almost half test positive. The cumulative transition probability from an HPV DNA negative state to an HPV 16 DNA positive state is greater than 30% after 24 months of first sexual exposure [19] . With prolonged follow-up and frequent testing, HPV infections may be detected in nearly all adolescent women (87% with a vaccine type). Infections with high risk types are characterized by longer duration, with periods of non-detections, suggesting that some infections may persist at low levels [20] . But the vast majority of HPV infections regresses within two years in more than 90% of cases; about 60% of women testing HPV DNA positive will develop specific serum antibodies against that particular HPV type, and if cellular samples are taken during the peak of productive viral infection, mild cytological abnormalities may be detected on cervical smears. It is known that treatment is not recommended for CIN 1 (cervical intraepithelial neoplasia grade 1), giving both the high rate of spontaneous regression as well as persistence after treatment [21] . However, even for low-grade abnormal cervical tests, women tend to prefer active management strategies; and it is very difficult to meet their expectations of optimal follow-up when HPV testing is used in primary screening [22] .
Finally, HPV may remain in a latent state for years before causing disease [23] , so that it is usually not possible to determine when and from whom initial infection was acquired. Most incident HPV infections are attributable to past, not current, sexual behavior, supporting a natural history model of viral latency and reactivation [24] .
Background Studies
In 2009 Kitchener and coll. found that co-testing with HPV test and cytology was not able to detect a higher rate of CIN 2 or worse than liquid-based cytology alone (ARTISTIC trial) [25] . Moreover 3 out of 12 cervical cancers diagnosed in the first two rounds of the trial were preceded by negative baseline HPV testing (25%). This false negative rate is similar to that observed by Cotton and coll. who showed that 22% of women who had CIN 2 or worse were HPV negative at baseline (TOMBOLA trial) [26] . It is difficult to accept these figures when one talks of extending rescreening intervals such as those proposed by HPV testing algorithms.
In 2013 Malila and coll. warned that the sensitivity of HPV testing is similar to that of cytology but causes more overdiagnosis [27] . In another study, Patanwala and coll. concluded that after two rounds of screening HPV testing based strategies were more sensitive than cytology for the detection of CIN 3 or worse only when referral to colposcopy followed a single positive HPV test (a strategy which is not recommended) [28] . In 2014 Elfström and coll. found that the cumulative incidence of CIN 2 or worse was the same for HPV screening and for cytology over long term follow-up, implying that the increased sensitivity of HPV screening for CIN 2 or worse reflects earlier detection rather than overdiagnosis [29] . Nevertheless early diagnosis may lead to overtreatments, especially because gynecologists do not always follow recommended guidelines.
There are many different HPV assays produced by different companies, but only few of them are validated. In one study evaluating the concordance among four of these validated tests, the disagreement was considerable. Among more than five thousand samples 33.2% tested positive on at least one of the four assays. Globally 41% of them tested positive on all four, but this figure decreased to only 29% in primary screening samples. In women with abnormal cytology the agreement was 68%, thus implying that referral to colposcopy would depend on which of the four assays has been used in 32% of the cases. In HPV positive, cytology negative women, who represent the vast majority of HPV positive cases, the disagreement was even larger. These patients should be considered at higher risk, and a prolonged rescreening interval would not be advisable; but at the same time it is known that this risk is still relatively low, and a 6-12 months retesting would lead to repeated visits in a large group of women who might have tested negative had they been screened with another HPV assay [30] .
Cervical Cancer Screening in Europe
The most relevant European study is a paper designed to evaluate the efficacy of HPV-based screening in four European randomised controlled trials, which has shown how the cumulative probability of developing cervical cancer was higher in women allocated to Pap smear in comparison with those allocated to HPV testing [1] . The study has been criticized, because none of the four trials showed a true reduction in cervical cancer incidence. Even after the data were pooled, the diagnostic rates were similar in the HPV arm and in the cytology arm during the first 2.5 years after enrolment. Thus the authors eliminated 52 out of 107 cases with the explanation that cancers diagnosed during the first 2.5 years represented mainly prevalent cases [31] . In the 55 remaining cases (almost half of the study population), 19 cancers were diagnosed in 419,000 women in the HPV arm, and 36 cancers in 358,656 women in the cytology arm, leading the authors to conclude that HPV-based screening is supposed to provide 60-70% greater protection against cervical cancers compared with cytology [1] . Furthermore, 40% of the total cases were represented by the Italian study, where all women were referred to colposcopy in case of a positive HPV result, with over double number of biopsies in the HPV arm compared to the cytology arm [31] . Eventually only 11 of 19 cervical cancers detected over 2.5 years after enrolment, were HPV-positive at baseline. Even among presumed "prevalent" cases, 16% were HPV-negative at baseline, similarly to what observed in our previous study, showing a 14% false negative rate in women treated for histologically confirmed high grade cervical lesions [32] . Again extending cervical rescreening should not be considered a safe approach. Nonetheless in the Netherlands, five-yearly cytological screening for women aged 30-60 years will be replaced by primary HPV screening in 2016. Not only, but these newly developed guidelines involve an extension of the screening interval from 5 to 10 years for HPV-negative women aged 40 or 50 years [33] .
Cervical Cancer Screening in the USA
The results of the first prospective U.S. screening study to evaluate the performance of HPV primary screening (ATHENA study) support the use of HPV primary screening [34, 35] . Most recently, "interim" guidelines addressing the use of HPV testing alone as a primary screening approach have been published [36] . But these first guidelines are based on insufficient data about the behaviour of this strategy in clinical practice and may not reveal clinically useful [37] . Until further data and algorithm development will be available, it seems premature to adopt HPV testing alone as a valid screening approach [38] . The Clinical Guidelines Synopsys recently published by Volerman and Cifu on JAMA summarizes the recommended strategies and screening intervals, while the statement on HPV DNA test utilization by Davey and coll. emphasizes all the situations in which testing for HPV is not recommended [39] . Fig. 1 shows the most cost-effective algorithm supposed to be used in the USA [5, 6, 39, 40] . Indeed this algorithm is somewhat intricate and difficult to remember, and thus not always followed in clinical practice. As a matter of fact, the most common repeat interval following a negative HPV result is usually 12 months, across all years studied [41] .
Cervical Cancer Screening in Canada, Japan, and Australia
In Canada, Japan, and Australia, cervical cancer screening is programmed with cervical cytology alone.
According to the Canadian guidelines, recommendations do not address screening with HPV test because of insufficient data on mortality and incidence of invasive cancer: Cervical cytology every 3 years is recommended for women aged 25-69 years [8] . In Japan cervical cancer screening using either 
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HPV alone or co-testing is not recommended for population-based screening due to insufficient evidence: Cytology is recommended every 2 years starting at age 20 [7] . Similarly in Australia cytology is recommended every 2 years for women aged 20-69 years, and the National Cervical Screening Program will not be implemented prior to May 2017 [42, 43] .
Conclusion
Giving the fact that HPV testing has been shown to have similar sensitivity but more overdiagnosis than the Pap test [25] [26] [27] [28] , and also giving the fact that false negative results may be higher than previously suspected [25, 26, 32] , primary screening with HPV testing in European countries as well as in the U.S. should be reconsidered. Resources saved in molecular testing may well be addressed in implementing vaccination strategies that are still underused and possibly must include males as well as women [44, 45] .
In Eventually, the sensitivity of cytology in well established settings is over 80% [46, 47] . And so the main prerequisite to shift from cytology to HPV testing-that sensitivity of conventional Pap testing is only around 50%-simply is not true. But the worst consequences are that too many doctors start treating HPV infections detected with molecular tests with surgery, laser, cryotherapy, interferon, 5-florouracil, etc. Individual labelled as being at risk undergo a series of unnecessary diagnostic and surgical procedures [48] .
Most recently, a paper designed to evaluate cervical cancer screening strategies over more than 250,000 samples from women aged 30 to 65 years who had a co-test and a cervical biopsy, found a rate of false negative results in 19% of women who had an HPV-only cervical screen and in 12% of those who had a Pap-only testing. Surprisingly, 26.6% of cervical adenocarcinomas were HPV negative, while 20.7% were Pap test negative [49] .
Eventually, it should not be forgotten that in the case of the ACS (American Cancer Society), ASCCP (American Society for Colposcopy and Cervical Pathology), ASCP (American Society for Clinical Pathology), approximately 25% of committee members reported financial associations with companies that make HPV tests, including the provision of research supplies and research funding, advisory and/or consulting roles, and speakers' honoraria [50] . Clinicians must be aware of the risk of being influenced by guidelines designed by commercially supported "consensus" groups that are reviewing the definition and management of diseases [51] . Broadening the boundaries of illness will lead to a waste of resources, raise in costs and anxiety, and the risk of under-recognition of true disease.
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